Objective: This study was performed to compare the predictive performance of serum procalcitonin (PCT), N-terminal brain natriuretic propeptide (NT-proBNP), interleukin-6 (IL-6), prothrombin time (PT), thrombin time (TT), and Sequential Organ Failure Assessment (SOFA) score in the intensive care unit (ICU). Methods: This retrospective cohort study enrolled 150 patients with sepsis and septic shock and 30 control patients without sepsis. Each patient was followed until death or 28 days. Correlations between variables were assessed with Spearman's rho test. The Kruskal-Wallis and MannWhitney U tests were used for between-group comparisons. Results: Receiver operating characteristic curve analysis of the SOFA score, PCT, NT-proBNP, IL-6, PT, and TT showed an area under the curve of 0.872, 0.732, 0.711, 0.706, 0.806, and 0.691, respectively, for diagnosing sepsis. Binary logistic regression demonstrated that the SOFA score was an independent predictor of 28-day mortality and septic shock. The correlation coefficient (r) between SOFA and PCT, PT and SOFA, and TT and SOFA was 0.79, 0.52, 0.57, 0.56, and 0.58, respectively. Conclusion: While the SOFA score is the gold standard, analysis of multiple biomarkers could increase the performance capacity for diagnosis and prognosis in patients with sepsis in the ICU.
Introduction
Sepsis is a major cause of morbidity and mortality in intensive care units (ICUs), accounting for one-quarter of all ICU deaths. 1, 2 The incidence of sepsis has been increasing annually by 8% to 13% during the past decade, primarily because of the increase in invasive procedures, immunosuppressive drugs, chemotherapy, and transplantations, and partly because of the lack of early identification of and prompt intervention for sepsis in the emergency department (ED). 3 The social and economic impacts of sepsis are severely underestimated, and this condition consumes a significant proportion of health care resources. 3, 4 Several potential biomarkers and scores for timely diagnosis, risk stratification, and evaluation of the prognosis of sepsis in the ED have come into focus in the last decade. [5] [6] [7] [8] [9] [10] Organ failure worsens the outcome of sepsis, and the mortality rate increases with increasing severity of organ dysfunction and failure. The mortality rate in patients without organ failure is approximately 15%, but it is 70% for those with three or more dysfunctional organs. The number of organs that fail within the first 48 hours of ICU admission is an accurate predictor of mortality. 8, [11] [12] [13] A recent systematic review identified 178 different biomarkers of sepsis; since then, many new biomarkers have been proposed. 5, [14] [15] [16] However, the quality of these studies is limited, and the use of such biomarkers remains to be validated. Some of these studies were biased because of small sample sizes and inappropriate statistical tests. Another reason for the compromised quality is the inclusion of patients with systemic inflammatory response syndrome, making the study population extremely heterogeneous. The appropriate use of biomarkers allows patients with sepsis to be identified among the heterogeneous patients admitted to the ED, to identify nosocomial infection among groups of homogenous patients (e.g., patients undergoing transplantation and cardiopulmonary bypass surgery), and to determine the occurrence of sepsis among patients with systemic inflammatory response syndrome who have different types of disorders in the ICU. Moreover, age, sex, medication, and the presence of various underlying diseases can influence the diagnostic or predictive accuracy of these biomarkers. Consequently, the primary goal of sepsis treatment is to prevent new or worsening organ dysfunction. 17, 18 Various clinical scoring models have been developed to estimate the level of organ dysfunction in patients with sepsis. The Sequential Organ Failure Assessment (SOFA) score was designed to describe the sequential complications that occur during treatment in the ICU, but not to predict outcomes. Outcome prediction is important for the management of critically ill patients. Several biomarkers, such as procalcitonin (PCT), N-terminal brain natriuretic propeptide (NT-proBNP), interleukin-6 (IL-6), prothrombin time (PT), and thrombin time (TT), have been independently assessed for their association with the diagnosis and prognosis of sepsis. However, the diagnostic and prognostic value of these markers has not been systematically assessed in the same cohort. The goal of the present study was to determine the relationship between the inflammatory markers PCT, NT-proBNP, and IL-6; the coagulation markers PT and TT; and the SOFA score in predicting the diagnosis and prognosis of sepsis using a retrospective cohort of patients with sepsis. We hypothesized that PCT, NTproBNP, IL-6, PT, and TT are correlated with the SOFA score in patients with sepsis. 14 Patients diagnosed with sepsis or septic shock grouped according to the SCCM/ESICM criteria 14 were enrolled in this study. Agematched non-critically ill patients hospitalized in general wards (non-acute care setting) for <3 days for observation and treatment were enrolled as the non-septic (control) group.
Material and methods

Study population
The patients were longitudinally monitored. The following exclusion criteria were applied: age of <18 years, traumatic brain injury, pre-existing impaired left ventricular function (left ventricular ejection fraction of 50%), terminal stage of disease (end-stage liver disease, malignant cancer of any type, chronic renal failure, acquired immunodeficiency syndrome), dilated cardiomyopathy, acute or chronic cor pulmonale, valve disease, and death within 8 days of ICU admission. Non-survivors were defined during a follow-up period of 28 days. This study was approved by the Dalian Hospital Ethics Committee (YJ-KY-FB-2017-17). All patients provided written informed consent.
Data collection
The following data were collected from the database: patient name, age, sex, medical history, and vital signs. Within 24 hours of ICU admission, venous blood samples were collected in tubes containing heparin or ethylenediaminetetraacetate; the samples were then stored at -80 C and analyzed within 24 hours. The whole blood leukocyte count, blood gas analysis results, blood biochemistry parameters, and radiographic findings were recorded. SOFA scores were calculated based on six variables (respiratory, hepatic, cardiovascular, coagulation, renal, and neurological) on ICU admission and every 48 hours until discharge. The SOFA score was not intended to be used as a tool for patient management but as a measure of organ dysfunction in patients with sepsis. For each parameter, the worst values within the first 24 hours of ICU admission were used. Where values were missing, the values obtained immediately preceding the missing value were used. 19 The SOFA score at 48 hours was recorded. The Glasgow coma scale score was used to evaluate the neurological status of unconscious patients. The Quick SOFA (qSOFA) score (1 point each for a respiratory rate of >22 breaths/minute, altered state of consciousness, and systolic blood pressure of <110 mmHg) was also calculated to identify patients at high risk of a poor outcome.
Patients with sepsis were classified into the survivor and non-survivor groups according to their 28-day mortality outcome. Within the 28-day follow-up period, patients who died from all causes were considered non-survivors.
Statistical analysis
Statistical analysis was performed using SPSS Statistics for Windows, Version 17.0 (SPSS Inc., Chicago, IL, USA). The distributions of the serum PCT, NT-proBNP, IL-6, PT, TT, and SOFA score were skewed and are thus expressed as median (25th-75th percentile). Kruskal-Wallis one-way analysis of variance was applied for multi-group comparisons, and the Mann-Whitney U test was used for twogroup comparisons. 20 Receiver operating characteristic (ROC) curves were constructed and the areas under the ROC curves (AUCs) were calculated to compare the predictive values of PCT, NT-proBNP, IL-6, PT, TT, and SOFA score for sepsis, septic shock, and 28-day mortality.
The response variable was 28-day mortality. Logistic regression analysis was employed to determine independent predictors of sepsis, septic shock, and 28-day mortality. 21 All statistical tests were two-tailed, and P < 0.05 was considered statistically significant.
Correlation coefficients were calculated to investigate the correlation between variables. In the case of normally distributed data, Pearson's correlation coefficient was used. Spearman's correlation coefficient was employed if there was at least one sample with a non-normal distribution. A correlation was considered statistically significant when the P-value was <0.05.
Results
Baseline data
In total, 150 patients admitted to the ICU of the First Affiliated Hospital of Dalian Medical University and 30 control patients without sepsis admitted to the general ward from 1 January 2014 to 30 April 2016 were retrospectively analyzed in this study. The patients' characteristics, including diagnoses and associated infections, are shown in Table 1 .
Median levels of PCT, NT-proBNP, IL-6, PT, TT, and SOFA score
The median PCT, NT-proBNP, IL-6, PT, TT, and SOFA score in each group are shown in Table 1 . The PCT, NT-proBNP, IL-6, PT, TT, and SOFA score at ICU admission differed significantly among the groups. PCT, NT-proBNP, IL-6, PT, and TT were significantly higher in patients with sepsis and septic shock than in patients without sepsis (P < 0.001), and PCT, NTproBNP, IL-6, and SOFA score were significantly higher in patients with sepsis than septic shock.
Clinical value of PCT, NT-proBNP, and IL-6 for diagnosing sepsis ROC curves were constructed using raw laboratory parameters. The ROC curves of PCT, NT-proBNP, and IL-6 for diagnosing sepsis among the three groups are shown in Figure 1 . The AUC was 0.732 for PCT, 0.711 for BNP, 0.706 for IL-6, 0.806 for PT, and 0.872 for the SOFA score (Table 2) .
Using a PCT cut-off value of 2.31 ng/mL, the sensitivity was 77.65%, specificity was 73.17%, positive predictive value (PPV) was 85.71%, negative predictive value (NPV) was 61.22%, positive likelihood ratio (LRþ) was 2.89, and negative likelihood ratio (LRÀ) was 0.31. Using a cut-off value of 2800 pg/mL for NT-proBNP, the sensitivity was 73.53%, specificity was 51.72%, PPV was 84.27%, NPV was 35.71%, LRþ was 1.52, and LRÀ was 0.51. Using a cut-off value of 1200 pg/mL for IL-6, the sensitivity was 73.89%, specificity was 51.72%, PPV was 82.27%, NPV was 36.14%, LRþ was 1.53, and LRÀ was 0.50. Using a cut-off value of 3 for the SOFA score, the sensitivity was 93.17%, specificity was 85.71%, PPV was 96.77%, NPV was 73.17%, LRþ was 6.52, and LRÀ was 0.08. Using a cut-off value of 20.00 for PT, the sensitivity was 83.54%, specificity was 65.22%, PPV was 80.49%, NPV was 69.77%, LRþ was 2.40, and LRÀ was 0.25. A binary logistic regression model was also built to analyze whether PCT, NT-proBNP, IL-6, PT, TT, and the SOFA score can be combined to improve the predictive accuracy. The combined model significantly improved the odds of observing the sepsis category (P < 0.001).
Comparison of median levels of PCT, NT-proBNP, IL-6, PT, TT, and SOFA score at admission in non-survival and survival groups
The median levels of PCT, NT-proBNP, IL-6, PT, TT, and SOFA score were significantly higher in the non-survival than survival group, as shown in Table 3 . The median level of PCT was 5.38 ng/mL in the non-survival group and 3.08 ng/mL in the survival group (P < 0.001). The median level of NT-proBNP was higher in the nonsurvival than survival group (13722.35 vs. 9009.68 pg/mL, respectively). The median levels of IL-6 and PT were significantly higher in non-survival than survival group (IL-6: 178335.99 and 74187.31 pg/mL, respectively; P ¼ 0.05 and PT: 23.9 vs. 20.95 s, respectively; P < 0.001). In contrast, TT was lower in the non-survival than survival group (26.55 vs. 26.88 s, respectively; P < 0.001). Finally, the median SOFA score was significantly higher in the non-survival than survival group (P < 0.001).
PCT, NT-proBNP, IL-6, PT, TT, and SOFA score as independent predictors of mortality in patients with sepsis and septic shock
Univariate logistic analysis of age, sex, blood group, and SOFA score was performed to assess the association of each parameter with 28-day mortality. Linear regression indicated that age, sex, and blood group were not significantly associated with 28-day mortality (P ¼ 0.09, 0.574, and 0.293, respectively). However, the SOFA score was significantly associated with 28-day mortality (P < 0.001).
The chi-square test was also performed to assess the association of age, sex, and blood group with sepsis. Neither sex nor blood group was significantly associated with sepsis; however, age was associated with sepsis (P < 0.001).
Univariate logistic analysis of PCT, NTproBNP, IL-6, PT, TT, and SOFA score was performed within the sepsis and nonsepsis groups. Binary logistic regression to predict septic shock in patients with sepsis showed that among PCT (B ¼ À0.01, odds ratio (OR) ¼ 0.99), NT-proBNP (B ¼ À0.00, OR ¼ 1), IL-6 (B ¼ À0.00, OR¼ 1.00), PT (B ¼ À0.12, OR ¼ 0.88, P < 0.001), TT (B ¼ 0.00, OR ¼ 1.00), and SOFA score (B¼ À0.76, OR ¼ 0.47, P < 0.001), the PT and SOFA score were strong predictors of septic shock ( Table 4 ). The SOFA score was an independent predictor of septic shock in patients with sepsis (Table 5 ). The ROC curves of PCT, NT-proBNP, IL-6, PT, TT, and SOFA score for predicting septic shock in patients with sepsis also confirmed these results (Figure 2 ). The AUCs of PCT, NT-proBNP, IL-6, PT, and SOFA score for predicting sepsis were 0.636 (Table 6) .
Univariate logistic regression of the SOFA score and 28-day mortality was performed, and the resultant linear regression model was statistically significant [F (1,178) ¼ 151.27, P < 0.001, R 2 ¼ 0.46], indicating that the SOFA score is an independent predictor of 28-day mortality.
Binary logistic regression was conducted to examine whether PCT, NT-proBNP, PT, TT, IL-6, and SOFA score were significantly associated with the odds of non-survival. The overall model indicated that PCT (v (1) ¼ 3.65) were not significant predictors of 28-day mortality, while TT (v 2 (1) ¼ 7.36, P ¼ 0.007) was a significant predictor (Table 5 ). These findings suggest that PCT, the SOFA score, and TT have a significant effect on the odds of non-survival. ROC curve analysis of PCT, BNP, IL-6, PT, TT, and SOFA score also illustrated that the SOFA score and PCT were significant predictors of 28-day mortality (P < 0.001). For further confirmation, we also analyzed the capacity of the SOFA score at 48 hours after ICU admission to predict 28-day mortality. The AUC was 0.821 (0.753-0.888), indicating that the SOFA score was a significant predictor of 28-day mortality. The AUCs of the SOFA score, PCT, NT-proBNP, IL-6, PT, and TT were Table 7 ). ROC curve analysis of the SOFA score upon admission to the ICU and the qSOFA score also indicated that the initial SOFA score was an independent predictor of 28-day mortality (Figure 2 ). The AUCs of the SOFA score and qSOFA score were 0.841 and 0.698, respectively, indicating that the SOFA score was a significant predictor of 28-day mortality.
Correlation of PCT, NT-proBNP, IL-6, PT, TT, and SOFA score in patients with sepsis
PCT was significantly and positively correlated with the SOFA score (r ¼ 0.79, P < 0.001). The correlation coefficient of PCT and the SOFA score was 0.79, indicating a large effect size. As shown in Figure 4 (a)-(c), NT-proBNP and IL-6 were significantly and positively correlated with the SOFA score (r ¼ 0.52, P < 0.001, Figure 4 (b) and r ¼ 0.57, P < 0.001, Figure 4 (c)). PT was also significantly and positively correlated with the SOFA score (r ¼ 0.56, P < 0.001). 
Discussion
In this study, we observed that the use of individual biomarkers (PCT, NT-proBNP, IL-6, PT, and TT) with the SOFA score could facilitate diagnosis and aid prognostication of patients with sepsis and septic shock. We found several biomarkers (PCT, NTproBNP, IL-6, PT, and TT) to be significantly associated with the SOFA score, indicating that these biomarkers may facilitate the evaluation of sepsis progression and effective risk stratification. Furthermore, the use of these novel biomarkers can inform prompt diagnosis, which will improve the accuracy of the evaluation of patients with sepsis in the ICU.
Previous studies have shown that PCT and NT-proBNP are strongly correlated with various scoring systems, including the Acute Physiology and Chronic Health Evaluation II score, SOFA score, 5, 22 Simplified Acute Physiology Score II, and Mortality in Emergency Department Sepsis score. [23] [24] [25] The present study further showed that the PCT and NT-proBNP levels are correlated with the SOFA score and that IL-6, PT, and TT are significantly correlated with the SOFA score. Various studies have suggested that the IL-6 level is proportional to the intensity of the pathogen insult; thus the IL-6 level is correlated with the length of fever, severity of organ dysfunction, length of hospital stay, clinical severity scores (Simplified Acute Physiology Score II and SOFA scores), and organ dysfunction. 26 In this study, we found PT and TT to be significantly correlated with the SOFA score. PT is the most widely used test in clinical practice, but its relationship with the SOFA score was unknown. We herein successfully identified a significant correlation between PT and the SOFA score. TT in patients with sepsis has rarely been studied, probably because in these patients, coagulation function and thrombin generation are more impaired than fibrinolysis. However, we included PT in the present study and found it to be significantly correlated with the SOFA score. We thought that this correlation may be associated with microcirculatory hypoxia and resultant microcirculation thrombosis in patients with septic shock.
PCT is the prohormone of calcitonin, which is normally produced in the C cells of the thyroid glands. PCT is cleaved to calcitonin, and only <0.1 ng/mL is measured in the blood of healthy humans. PCT regulation evidently changes during infection. In sepsis, PCT is released into the bloodstream for the first 4 to 12 hours of infection depending on severity. 15 In the present study, the optimal PCT level for diagnosing sepsis was 2.3 ng/mL, which is higher than the level of 1.1 ng/mL cited previously. 15 Two possible reasons for these different values are as follows. First, patients were transferred to the ICU when their disease severity deteriorated; thus, acutely ill patients were included in the sepsis group and critically ill patients were included in the septic shock group. Second, the PCT levels were obtained at ICU admission for patients with sepsis, not from various floor wards.
The ROC analysis of PCT for predicting septic shock showed an AUC of 0.636, which was significantly higher than of NTproBNP, IL-6, and PT (P < 0.01). The AUC of PCT was 0.636 for the septic shock group, which was lower than the AUC of 0.732 for the sepsis group. Several meta-analyses have shown that PCT guidance is associated with reduced antibiotic exposure in all patients, with no adverse effect on either outcomes or treatment failure. [27] [28] [29] However, no difference in short-term mortality was observed. Meanwhile, although PCT was not found to be an independent predictor of septic shock, it was an independent predictor of 28-day mortality (P < 0.001) in the logistic regression models.
Various studies have shown that NTproBNP is a useful predictor of the clinical outcomes of sepsis and septic shock. 30 In the present study, NT-proBNP showed predictive value for diagnosing sepsis. Meanwhile, the logistic regression model showed that NT-proBNP was not independently associated with septic shock. This lack of association might have occurred because the NT-proBNP values were significantly decreased in patients after receiving treatment, and an increase was observed in patients without clinical improvement. Additionally, this study included a substantial number of patients with obesity, acute renal failure, acute coronary syndrome, and type 2 diabetes. These factors may be associated with subclinical left ventricular abnormalities, affecting the circulating levels of NT-proBNP.
A few studies have shown that NTproBNP is correlated with age, but not with sex. 31, 32 The ROC analysis of NT-proBNP for predicting 28-day mortality and the logistic regression showed that the NT-proBNP level was significantly associated with 28-day mortality, indicating that NT-proBNP can be a helpful factor for diagnosis and prediction of 28-day mortality in patients with sepsis. ROC curve analysis showed that IL-6 was of limited value in differentiating septic shock from sepsis or predicting 28-day mortality. In the logistic regression model, IL-6 was not significantly associated with septic shock or 28-day mortality. These results indicated that IL-6 can be helpful in early diagnosis of sepsis but not in predicting 28-day mortality in patients with sepsis in the ICU.
Many inflammatory mediators are involved in the activation of coagulation. However, few studies have reported the value of coagulopathy in determining the severity of sepsis. 33, 34 In this study, we showed that the median PT and TT did not differ significantly between the two groups. PT and TT were useful in differentiating sepsis and septic shock (P < 0.001) but not in predicting 28-day mortality in patients with sepsis.
Finally, in this study, we found that the SOFA score had an AUC of 0.841 for predicting sepsis and an AUC of 0.826 for predicting septic shock; these AUCs were significantly higher than those for PCT, NT-proBNP, IL-6, PT, and TT (P < 0.001). However, the qSOFA score (assessed at the time of admission to the ICU) showed an AUC of 0.698. Meanwhile, the logistic regression analysis indicated that the SOFA score was significantly associated with septic shock (P < 0.001) and 28-day mortality (P < 0.001). This result is consistent with previous studies indicating that the SOFA score is associated with clinical outcomes for patients with sepsis. 7 The SOFA score was developed to assess the severity of illness for patients with sepsis and has been included for the definition of sepsis in the latest Sepsis-3 definition.
9,35
Limitations
This single-center study included a small number of patients and did not compare the performance of the proposed biomarkers with other novel biomarkers. Moreover, the study cohort was retrospective and employed an existing database in which patients were categorized into those with sepsis, severe sepsis, and septic shock according to the American College of Chest Physicians/SCCM criteria. 36 However, these patients were re-categorized into two groups: those with sepsis and those with septic shock following the SCCM/ESICM criteria (Sepsis-3), 14 which may have introduced some biases. The criteria of sepsis were updated in a recent report, and the old criteria (SCCM/ESICM criteria) were found to be less accurate. 14 
Conclusion
This study demonstrated a strong relationship between PCT, NT-proBNP, IL-6, PT, TT, and the SOFA score. These biomarkers (PCT, NT-proBNP, IL-6, PT, TT) may have a supporting role in diagnosing early sepsis. While there is no single specific biomarker capable of predicting multiple organ dysfunction, selected biomarkers were associated with 28-day mortality and may therefore be beneficial in predicting clinical outcomes in ICU patients with sepsis.
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